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Field of the Invention 

The present invention relates to magnetic recording, and in particular to 
15 demagnetization of magnetic media. 



Background of the Invention 

Data storage devices often use magnetic recording to store data on 
magnetic media. For instance, a disk drive includes a transducer head and a 
20 magnetic disk. The transducer head includes a read element that magnetically 
reads data from the disk and a write element that magnetically records (writes) 
data on the disk. The disk is magnetic media that stores the data in concentric 
tracks. 

25 In longitudinal recording, data is stored on the disk in horizontal transitions 

(bits) that are parallel to the disk. In perpendicular recording, data is stored on 
the disk in vertical transitions (bits) that are perpendicular to the disk. 
Perpendicular recording allows for greater data storage than longitudinal 
recording since data stored at high areal density degrades less overtime in 

30 perpendicular recording than in longitudinal recording. 
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In perpendicular recording, the write element includes a large pole and a 
small pole, and the large pole has larger dimensions than the small pole. The 
disk includes a soft underlayer that collects the magnetic field from a large area 
and couples the magnetic field to the large pole. As a result, the transducer head 
5 is biased during write operations due to the magnetic field from other tracks 
being coupled to the large pole. The bubble, where data is written to the disk, 
either expands or contracts due to the magnetic field. 

Disk preconditioning plays a major role in disk drive performance. Disk 
10 preconditioning involves demagnetizing (erasing) the disk before data is recorded 
on the disk. Disk drive performance includes bit error rate (BER) represented by 
the number of bits in error read from the disk in a readback signal divided by the 
number of bits read from the disk in the readback signal. 

15 DC erase applies an essentially constant current to the write element to 

demagnetize the disk. DC erase is typically applied to disk areas for servo 
wedges and user data before data is recorded on the disk. Thereafter, data such 
as servo patterns and user data is initially recorded on the disk. 

20 DC erase in longitudinal recording has negligible effects since the disk 

lacks a soft underlayer. However, in perpendicular recording, DC erase 
increases the BER in the readback signal from the recorded data by up to two 
orders of magnitude since the soft underlayer couples the magnetic field from the 
DC erased area to the write element as the data is written to the disk. The 

25 magnetic coupling enhances one polarity of the writing and degrades the other 
such that the positive or negative bit cells last longer than the other. Thus, the 
magnetic coupling causes transition shift on the disk. The transition shift creates 
timing asymmetry during read operations, and the timing asymmetry degrades 
the BER. As a result, the DC erase has a large negative impact on disk drive 

30 performance. 
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There is, therefore, a need for an improved technique for demagnetizing 
the magnetic media for a data storage device that reduces or eliminates the 
effect of the adjacent magnetic field on the data that is subsequently written to 
the magnetic media. 

Summary of the Invention 

The present invention provides an AC erase to precondition magnetic 
media and minimize the effect of the adjacent magnetic field on the data that is 
subsequently written to the magnetic media. 

In an embodiment, demagnetizing magnetic media for recording data in a 
data storage device includes placing the magnetic media in a magnetic field at a 
first strength level, and gradually reducing the magnetic field to a second strength 
level to essentially eliminate net magnetization in the magnetic media. 

In another embodiment, demagnetizing magnetic media for recording data 
in a data storage device includes determining a recording frequency for writing 
on the magnetic media at which the amplitude of a readback signal is essentially 
at noise level, and writing on the magnetic media at essentially the recording 
frequency to essentially eliminate net magnetization in the magnetic media. 

In another embodiment, demagnetizing magnetic media for recording data 
in a data storage device includes selecting multiple consecutive tracks on the 
magnetic media, and writing on the magnetic media by alternating the polarity of 
25 the write current from one track to the next to essentially eliminate net 
magnetization in the magnetic media. 

Advantageously, the AC erase improves both servo operation and BER 
compared to conventional DC erase. 

30 
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Brief Description of the Drawings 

These and other features, aspects and advantages of the present 
invention will become understood with reference to the following description, 
appended claims and accompanying figures where: 
5 FIG. 1 shows an apparatus for AC bulk erase of a disk; 

FIGs. 2A and 2B show a first configuration of an electromagnet in the 
apparatus of FIG. 1; 

FIGs. 3A and 3B show a second configuration of an electromagnet in the 
apparatus of FIG. 1; 

10 FIGs. 4A and 4B show a third configuration of an electromagnet in the 

apparatus of FIG. 1; 

FIG. 5 shows a flowchart for demagnetizing a disk in the apparatus of FIG. 
1 by AC bulk erase; 

FIG. 6 shows a disk drive in which AC erase of a disk can be 
is implemented; 

FIG. 7 shows a flowchart for determining a recording frequency for AC 
erase of a disk in the disk drive of FIG. 6; 

FIG. 8 shows a flowchart for demagnetizing a disk in the disk drive of FIG. 
6 by omitting the DC erase; 
20 FIG. 9 shows a flowchart for demagnetizing a disk in the disk drive of FIG. 

6 by DC erase with alternate polarity of the write current each time the transducer 
head is stepped; 

FIG. 10A shows a magnetic field from a transducer head in the disk drive 
of FIG. 6 due to AC erase; 
25 FIG. 10B shows a magnetic field from a transducer head in the disk drive 

of FIG. 6 due to +DC erase; 

FIG. 10C shows a magnetic field from a transducer head in the disk drive 
of FIG. 6 due to -DC erase; 

FIG. 1 1 A shows comparative plots of BER as a function of erase band 
30 width for AC band erase and DC band erase; 



4 



Docket Q01-1029-US1 

FIG. 1 1B shows comparative plots of transition shift as a function of erase 
band width for AC band erase and DC band erase; 

FIG. 12A shows a readback signal timing histogram of differentiated data 
written on a disk after a conventional DC band erase; 
5 FIG. 12B shows a readback signal timing histogram of data written on a 

disk with as-received sputtered magnetic material; and 

FIG. 12C shows a readback signal timing histogram of data written on a 
disk after alternate +DC erase and -DC erase as a transducer head is stepped. 

10 Detailed Description of the Invention 

FIG. 1 shows an apparatus 10 for AC bulk erase of a disk 24. The 
apparatus 10 includes a controller 12, a power source 14, an electromagnet 16, a 
spin motor 20 and a monitor 22. The disk 24 is perpendicular recording magnetic 
media with an areal density of 50Gb/in 2 . The disk 24 is placed on the spin motor 
15 20, and the electromagnet 1 6 is positioned near the disk 24. 

The controller 12 controls the current generated by the power source 14 (a 
programmable direct current source) and thereby controls the magnetic field 
generated by the electromagnet 16. The spin motor 20 rotates the disk 24. The 
20 monitor 22 monitors the rotational speed of the disk 24, and the controller 12 
decrements the magnetic field to zero based on the rotational speed of the disk 
24. Alternatively, the monitor 22 is omitted, and the controller 12 decrements the 
magnetic field to zero based on a predetermined rotational speed of the disk 24. 

25 FIGs. 2A and 2B show a first configuration of the electromagnet 1 6 shown 

as electromagnets 16a and 16b. The electromagnets 16a and 16b are U-shaped 
magnets positioned near opposite major surfaces of the disk 24 with poles that 
are perpendicular to the disk 24 and a gap between the poles that is spaced from 
the disk 24. The electromagnets 16a and 16b are coupled to coils 26a and 26b, 

30 respectively, and generate a magnetic field 28a that is perpendicular to and 
extends through the disk 24. The electromagnets 16a and 16b cover a radial 
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section of the disk 24 between the inner diameter (ID) and the outer diameter 
(OD) of the disk 24 and move from the ID to the OD (or the OD to the ID) to 
cover the entire width of the disk 24. 

5 FIGs. 3A and 3B show a second configuration of the electromagnet 16 

shown as electromagnets 16c and 16d. The electromagnets 16c and 16d are U- 
shaped magnets positioned near opposite major surfaces of the disk 24 with 
poles that are perpendicular to the disk 24 and a gap between the poles that is 
spaced from the disk 24. The electromagnets 16c and 16d are coupled to coils 
10 26c and 26d, respectively, and generate a magnetic field 28c that is 

perpendicular to and extends through the disk 24. The electromagnets 16c and 
16d cover a radial section of the disk 24 between the ID and the OD of the disk 
24 and cover the entire width of the disk 24. 

is FIGs. 4A and 4B show a third configuration of the electromagnet 16 

shown as electromagnets 16e and 16f. The electromagnets 16e and 16f are U- 
shaped magnets positioned near opposite minor surfaces of the disk 24 with 
poles that are parallel to the disk 24 and a gap between the poles that is 
occupied by the disk 24. The electromagnets 16e and 16f are coupled to coils 

20 26e and 26f, respectively, and generate magnetic fields 28e and 28f, 

respectively, that are perpendicular to and extend through the disk 24. The 
electromagnets 16e and 16f cover a radial section of the disk 24 between the ID 
and the OD of the disk 24 and cover the entire width of the disk 24. 

25 The first and second configurations of the electromagnet 16 can be 

modified to simultaneously erase multiple disks 24. The distance (open space) 
between the electromagnets 16a, 16b, 16c and 16d and the associated surfaces 
of the disk (or disks) 24 is 1 or 2 millimeters. 

30 FIG. 5 shows a flowchart for demagnetizing the disk 24 in the apparatus 

10 by AC bulk erase. The disk 24 is demagnetized as follows: 
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(a) The electromagnet 1 6 is placed near the recording surface of the 
disk 24 (step 30); 

(b) The controller 12 applies a high current to the electromagnet 1 6 to 
generate an initial high strength magnetic field (such as 1 to 100 KGauss) that is 

5 perpendicular to and extends through the disk 24 and is based on and much 
higher than the magnetic coercivity of the disk 24 (step 32); 

(c) The spin motor 20 rotates the disk 24 (step 34); and 

(d) The controller 1 2 gradually reduces (continuously or stepwise) the 
high current to essentially zero current while the disk 24 rotates, and 

10 consequently the magnetic field generated by the electromagnet 1 6 is gradually 
reduced from the high strength to a low strength that is essentially non-existent 
(zero), thereby AC erasing the disk 24 (step 36). 



The rate of reduction of the magnetic field depends on the rotational 
15 speed the disk 24. The faster the rotational speed of the disk 24, the faster the 
rate of reduction of the magnetic field. 

For example, the magnetic field is decremented to zero at one decrement 
per revolution of the disk 24. Thus, the time elapsed for each decrement is the 

20 same as the time elapsed for a revolution of the disk 24. For instance, if the disk 
24 rotates at 10 msec per revolution then the magnetic field is decremented 
every 10 msec. As another example, the magnetic field is decremented to zero 
at approximately one decrement per revolution of the disk 24. Thus, the time 
elapsed for each decrement is approximately the time elapsed for a revolution of 

25 the disk 24. For instance, if the disk 24 rotates at 10 msec per revolution then 
the magnetic field is decremented marginally longer than every 10 msec. As yet 
another example, the magnetic field is decremented to zero more slowly than 
one decrement per revolution of the disk 24. Thus, the time elapsed for each 
decrement is greater than the time elapsed for a revolution of the disk 24. For 

30 instance, if the disk 24 rotates at 1 0 msec per revolution then the magnetic field 
is decremented every 20 msec. 
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After the disk 24 is AC erased, the disk 24 is assembled into a disk drive 
and then user data can be written to the disk 24 (step 38). 

5 FIG. 6 shows a disk drive 40 in which AC erase of the disk 24 can be 

implemented. The disk drive 40 includes the disk 24, a transducer head 42, an 
actuator assembly 44, a voice coil motor (VCM) 46, a spindle motor 48, a 
preamplifier 50, a read/write channel 52, a power driver 54, a controller 56 and a 
memory 58. The disk 24 includes tracks 60. The transducer head 42 includes a 
10 read element 62 and a write element 64. The controller 56 includes a 
microcontroller 66, a drive controller 68 and a memory 70. 

The transducer head 42 uses the read element 62 and the write element 
64 to read from and write to the disk 24. The actuator assembly 44 includes a 
15 support arm that supports the transducer head 42. The VCM 46 moves the 
actuator assembly 44 and thus the transducer head 42 across the tracks 60, and 
maintains the actuator arm 44 and thus the transducer head 42 over a target 
track 60. The spindle motor 48 rotates the disk 24. 

20 The preamplifier 50 amplifies the readback and write signals from and to 

the disk 24. The read/write channel 52 encodes and decodes servo track 
numbers and data and converts servo burst amplitudes into digital values. The 
power driver 54 drives the VCM 46 and the spindle motor 48. The controller 56 
interfaces with a host computer (not shown) and controls the operations of the 

25 disk drive 40. Within the controller 56, the microcontroller 66 controls the bias 
current for the transducer head 42, and the drive controller 68 generally controls 
the components of the disk drive 40. The memory 70 stores program instructions 
or data and can include RAM and/or non-volatile memory such as EEPROM, 
ROM, etc. The controller 56 or the memory 58 can include the AC erase 

30 function. 
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After the disk drive 40 is assembled, a recording frequency for the AC 
erase is determined. Next, the transducer head 42 performs the AC erase at the 
recording frequency on the disk 24 before writing any data on the disk 24. 
Thereafter, servo patterns and user data are written on the disk 24. 

5 

FIG. 7 shows a flowchart for determining the recording frequency for the 
AC erase of the disk 24 in the disk drive 40. The transducer head 42 reads from 
and writes to the disk 24. The recording frequency is the write clock frequency 
and therefore the frequency of the bit transitions written to the disk 24. The noise 
10 level is the level at which the averaged amplitude of the readback signal remains 
relatively constant as the recording frequency increases. The recording 
frequency is determined as follows: 

(a) Select a test track 60 on the disk 24 (for instance at the inner 
diameter (ID), the middle diameter (MD) or the outer diameter (OD) of the disk 

15 24) (step 100); 

(b) Set the recording frequency to a nominal low frequency (such as 50 
to 100 MHz) (step 102); 

(c) AC write the test track 60 at the current recording frequency (step 

104); 

20 (d) Read the test track 60 (after adjusting the radial position of the 

transducer head 42 by the radially offset distance between the read element 62 
and the write element 64 so that the read element 62 rather than the write 
element 64 is positioned over the test track 60) and measure the amplitude of the 
readback signal generated from the test track 60 (step 106); 

25 (e) Compare the amplitude of the readback signal with the noise level 

(the amplitude of the readback signal is reduced to the noise level when the 
amplitude of the readback signal remains relatively constant as the recording 
frequency increases) (step 108); 

(f) Increase the recording frequency and repeat steps 104, 106 and 

30 108 if the amplitude of the readback signal is greater than the noise level (step 
110); and 
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(g) Select the recording frequency at which the amplitude of the 
readback signal is reduced to the noise level as the recording frequency for the 
AC erase (step 112). 

5 Thus, steps 104, 106 and 108 are repeated until the recording frequency 

is determined at step 112. 

The AC erase is then performed on the tracks 60 on the disk 24 in the disk 
drive 40 by the transducer head 42 writing to the tracks 60 at the recording 
10 frequency at which the amplitude of the readback signal amplitude is reduced to 
the noise level. 

The recording frequency can be scaled up or down to change the 
rotational speed (RPM) of the spindle motor 48, and thus the rotational speed of 
15 the disk 24, during the AC erase as long as the linear data density on the disk 24 
is kept essentially constant. The AC erase is preferably performed on the area of 
the disk 24 that is intended for data storage. 

The noise level may not be known before the recording frequency is 
20 determined. However, when the amplitude of the readback signal is relatively 
constant as the recording frequency increases, this indicates that the amplitude 
of the readback signal is the same as the noise level. 

Although the disk drive 40 is shown with a single disk 24 and a single 
25 transducer head 42, the disk drive 40 can include multiple disks 24 and multiple 
transducer heads 42, and the recording frequency can be used to AC erase 
multiple disks 24 in the disk drive 40. Furthermore, the recording frequency can 
be used to AC erase multiple disk drives 40. 

30 Although the disk drive 40 is described as determining the recording 

frequency, alternatively a spin-stand can determine the recording frequency 
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using the disk 24 and the transducer head 42. Thereafter, the disk 24 and the 
transducer head 42 are assembled in the disk drive 40, and the disk drive 40 
performs the AC erase using the recording frequency determined by the spin- 
stand. 

Although the disk drive 40 is described as AC erasing the disk 24, 
alternatively the apparatus 10 can AC erase the disk 24. Thereafter, the disk 24 
is assembled in the disk drive 40, and the disk drive 40 need not AC erase the 
disk 24. 

FIG. 8 shows a flowchart for demagnetizing the disk 24 in the disk drive 
40 by omitting the DC erase. From the time the magnetic material is sputtered 
on the disk 24 to the time, after the disk 24 is assembled in the disk drive 40, that 
the servo patterns are written on the disk 24, there is no DC erase of the disk 24. 
This preserves the demagnetized condition of the magnetic material of the disk 
24 and alleviates timing asymmetry. The disk 24 is demagnetized as follows: 

(a) Sputter the magnetic material on the disk 24 (step 120); 

(b) Test the disk 24 without DC erasing the disk 24 (step 1 22); 

(c) Install the disk 24 in the disk drive 40 (step 124); and 

(d) Servo write and self-test the disk 24 without DC erasing the disk 24 
(step 126). 

FIG. 9 shows a flowchart for demagnetizing the disk 24 in the disk drive 40 
by DC erase with alternate polarity of the write current each time the transducer 
25 head 42 is stepped (radially repositioned relative to the disk 24). The disk 24 is 
demagnetized as follows: 

(a) Move the transducer head 42 to a first track 60 of an area of the 
disk 24 to be erased (step 130); 

(b) Set the DC erase write current (such as 1 0 to 50 mA) for the 
30 transducer head 42 (step 132); 
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(c) DC erase (write) the current track 60 with the DC erase write 
current at a current polarity (step 134); 

(d) Determine whether the current track 60 is the last track 60 to be 
erased (step 136); 

5 (e) Move the transducer head 42 to the next track 60 if another track 

60 remains to be erased (step 138); and 

(f) Reverse the polarity of the DC erase write current and repeat steps 
134 and 136 (step 140). 

10 Thus, steps 134, 136, 138 and 140 are repeated until the desired area of 

the disk 24 has been erased (step 142). 

The transducer head 42 need not necessarily be stepped track-by-track. 
For example, the step size can be smaller than the track pitch. 

15 

FIG. 10A shows a magnetic field 150A from the transducer head 42 due to 
AC erase, FIG. 10B shows a magnetic field 150B from the transducer head 42 
due to +DC erase, and FIG. 10C shows a magnetic field 150C from the 
transducer head 42 due to -DC erase. The magnetic fields 150A, 150B and 

20 1 50C are generated by the write element 64 as the transducer head 42 writes to 
the disk 24. The magnetic field 150A occurs as the disk drive 40 performs AC 
erase on the disk 24, and the magnetic fields 150B and 150C occur as the disk 
drive 40 performs +DC erase and -DC erase, respectively, on the disk 24 with 
alternate polarity of the write current each time the transducer head 42 is 

25 stepped. The magnetic field 150A is represented by two vertical arrows and two 
curved arrows, the magnetic field 150B is represented by two vertical arrows and 
three curved arrows, and the magnetic field 150C is represented by two vertical 
arrows and one curved arrow. Furthermore, the arrows represent a bubble 
where the transducer head 42 writes to the disk 24. 
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When the disk 24 is preconditioned with +DC erase only or with -DC erase 
only (depending on the direction of the write current), transition shift occurs. For 
example, when the disk 24 is preconditioned with +DC erase only, the magnetic 
bubble increases (the number of curved arrows increase), causing the written 
5 transitions to expand, and in turn causing transition shift. Likewise, when the 
disk 24 is preconditioned with -DC erase only, the magnetic bubble decreases 
(the number of curved arrows decrease), causing the written transitions to 
contract, and in turn causing transition shift. 

10 When the disk 24 is preconditioned with alternate +DC erase and -DC 

erase as the transducer head 42 is stepped, the +B dc magnetic field cancels the 
-B dc magnetic field and the net effect is similar to the AC erase. 

FIG. 1 1 A shows comparative plots of BER as a function of erase band 
15 width for AC band erase 160, +DC band erase 162 and -DC band erase 164. AC 
band erase 160 is according to the present invention, whereas +DC band erase 
162 and -DC band erase 164 are conventional. The band erases 160, 162 and 
164 are written to a disk, then tracks are written to the disk, and then the BER in 
a readback signal from the tracks is measured. As is seen, the AC band erase 
20 160 has no appreciable impact on the BER, whereas the DC band erases 162 
and 164 have a large impact on the BER. 

FIG. 1 1 B shows comparative plots of transition shift as a function of erase 
band width for AC band erase 170, +DC band erase 172 and -DC band erase 

25 1 74. AC band erase 170 is according to the present invention, whereas +DC 
band erase 172 and -DC band erase 174 are conventional. The band erases 
170, 172 and 174 are written to a disk, then tracks are written to the disk, and 
then the transition shift is measured. As is seen, the AC band erase 170 has no 
appreciable impact on the transition shift, whereas the DC band erases 1 72 and 

30 1 74 have a large impact on the transition shift. 
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FIG. 12A shows a readback signal timing histogram of differentiated data 
written after a conventional DC band erase. The two peaks correspond to the 
different lengths of the positive and negative bit cells, which indicates bit shift and 
timing asymmetry. 

FIG. 12B shows a readback signal timing histogram of data written on a 
disk with as-received sputtered magnetic material. The magnetic material is 
sputtered without any net magnetization, the demagnetized condition of the 
magnetic material is preserved, and timing asymmetry is eliminated. 

FIG. 12C shows a readback signal timing histogram of data written on a 
disk after alternate +DC erase and -DC erase as a transducer head is stepped. 
Timing asymmetry is eliminated. 

The present invention has been described in considerable detail with 
reference to certain preferred versions thereof; however, other versions are 
possible. Therefore, the spirit and scope of the appended claims should not be 
limited to the description of the preferred versions contained herein. 
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